The use of plain radiographs to localize a suspected fishbone foreign bodyis the subjectof controversy. Accordingly radiographs of 14 species of fishbone, impacted in a soft tissue phantom, were assessed by a series of observers from theENT department (consultant surgeons, seniorregistrars and houseofficers). The agreementwas assessed by graphical description of the data and tested by a Spearman's rank correlation test. The overall results showed that, for the clinician, radiography is very useful to detect the bones of: cod, haddock, lemon sole, cole fish, grey mullet and plaice; useful for red snapper, monk fish, gumard and salmon; and unhelpful in detecting bonesfrom herring, pike, mackerel and trout. The use of radiographs to locate these impacted fishbones can be rationalized In the light of these findings.
INTRODUCTION
The use of plain radiographs to localize fishbone foreign bodies in the laryngopharynx has not been rationalized and this has led to considerable controversy. Radiographs are said to be seldom helpful in localizing a fishbone in the air and food passages not seen on clinical examination 1 , yet most patients with a suspected fishbone foreign body have a radiograph taken to localize the fishbone. Small spicules of bone lodge in the lower pole of the tonsil, base of tongue and vallecula, but larger bones tend to lodge in the cervical oesophagus/. If a bone lodged in these sites could be seen on a lateral neck radiograph then the investigation would be useful. Some species of fishbone may, however, be radiolucent-and therefore not seen on a soft tissue lateral neck radiograph, calling into question the use of the investigation in these cases. Evans et 01. compared radiographic findings with the findings at endoscopy in patients < complaining of an impacted fishbone", They compared two variables (radiography and endoscopy) without actually knowing the accurate location of the fishbone. Some bones are also difficult to see at endoscopy as they are transparent as well as radiolucent, rendering this method an unreliable control. Therefore, a scientific method is required to determine which species of fishbone are visible in a radiograph and which are not. This study aims to examine the visibility of fishbones and test the ability of the clinical observer to visualize these bones using radiography.
METHODS
A soft tissue mass was used in which the fishbones were embedded to assess the visibility of the fishbones across air / soft-tissue/bone interfaces by radiography. A pig's head and neck, taken from half a pig supplied by an abattoir, was used. Using this preparation, the correct exposure for soft tissue was found to be 55 kV and lOmA/s using aT-mat film in a Kodak Lanex fast cassette. This film screen combination and exposure factors are those used in clinical practice in our department for an adult patient with the similar build as the pig's head and neck specimen. Fourteen different species of fishbone were used, prepared from fillets of fish on sale to the public. These bones were removed by boiling in water just before the radiographic study and were not allowed to dry out. This was in order to prevent the precipitation of crystals which would affect the radio-opacity of the bone. If the fillets had a number of bones, the smaller sized ones were used in the study as these would most likely be missed by the diner. If bones found were the only ones in the fillets, these were used.
A plain radiograph of the soft tissue mass was taken using a standard Siemens X-ray tube on broad focus. Test films were made using the same film/screen combination with fishbones placed at the four most common sites of impaction: the tonsil, the vallecula, the upper oesophagus and the laryngeal inlet". A radiograph was taken for each species of fishbone. At the end of each study a further plain radiograph was taken to ensure comparable exposures. The The observers were 'blind' to the species of fishbone in the radiographs which were viewed at random. The observers were informed of the radiographic anatomy and the particular areas of interest using a plain film to avoid the identification of artifacts outside the sites of impaction. Each observer was told that there were a maximum of four bones in each radiograph, one at each site, or no bones, i.e. a plain film. This was to prevf-nt them searching for three other bones haVing found one. They were assured that it was the fishbones that were under test, not the observers. In fact, there were two plain films in the series with no fishbones, all the other radiographs contained four fishbones, one bone at each site. An example of the radiographs is shown in Figure 1 . and the house officers was investigated by these methods. The total consultant species and site scores were determined and the means ascertained. These were used as a standard for comparison with all other observer scores. All observers demonstrated a highly significant correlation with the consultants' scores (r 5 > 0.93, P<O.OOl).
Graphs were then plotted of the difference between the scores given by the observers and the mean of these scores to demonstrate agreements. In accordance, the consultant ENT surgeon and senior registrar agreement ( Figure 2 ) and consultant ENT surgeon and house officer agreement ( Figure  3 ) were drawn. It was also important to demonstrate that there was no relation between the absolute value measured and the inter-observer difference to show that errors were not dependent on the subject being measured, i.e. there was no systematic error in the method used. This was examined by testing the difference of scores and the mean of scores by Spearman's rank correlation test. If there was a systematic error, there would be a significant correlation between the absolute score (taken as the mean) and the measured scores (the difference of the inter-observer scores).
The data were then analysed with respect to seniority, site and species variation. From this analysis a three-dimensional plot of the visibility of fishbones was made (Figure 4 ).
RESULTS
The most opaque bones were cod, haddock, grey mullet and lemon sole and could easily be seen in all positions in the pig's neck preparation. These scored Significantly higher than the least opaque bones: herring, salmon, mackerel, trout and pike (P < 0.001) which were less radio-opaque and barely visible in all positions. Mackerel and herring bones could not be seen even though the exact position of the bone was known. Cole fish, gurnard, monk fish, plaice and red snapper bones were also radio-opaque and could be seen in all positions. The site most likely to be detected was the DIFFERENCE OF SCORES 2.5 
STATISTICAL METHODS
Inter-and intra-observer agreement has been used to validate observers as a method of assessing radiographic visibility 3 • The graphical method of assessing agreement, as described by Bland and Altman>, was used to demonstrate agreement between consultants and junior doctors. The Mann Whitney U test was used to investigate the magnitude and significance of the differences in observer scores for individual bones. The inter-observer agreement for each species and each site for the consultant ENT surgeons, the senior registrars ... A previous study using chicken legs as the soft tissue mass showed the bones from cod, haddock, cole fish, gurnard, plaice and salmon to be radio-opaque and visible by radiograph y 6. In addition, the bones from lemon sole, grey mullet, red snapper and the long bones from monk fish have been shown to be visible on a soft tissue radiograph? However, the bones from plaice and salmon were not seen when viewed against a dense soft tissue background. The bones from trout, pike, mackerel, herring and the short bones from a monk fish were not seen.
Several factors determine the 'visibility' of fishbones. Radiographic factors such as the film/screen combination, kiloVolt and milliAmp-seconds were kept constant. The values chosen were those used in clinical practice in our department for a 'patient' the same size as our phantom . The inherent radio-opacity of the fishbones and the site where they are lodged contribute to the visibility of fishbones on a lateral neck radiograph. The inherent radioopacity of an individual fishbone will depend on its crystalline density and this on its state of hydration: in this study the bones were not allowed to dry out before being radiographed. The size and required strength of the bones affect its crystalline density, and these are determined by the function of the bone within the living fish. In this study, bone were taken from fillets on sale to the public and so were the bones likely to be lodged in the clinical situation. The visibility at the site lodged will depend on the local tissues,
DISCUSSION
diagram. Similarly each bone has a score allocated to it by each observer. The vertical axis (y-axis) orders the scores ill terms of observer seniority. A high scorer will give a clearly visible fishbone a top score; a low scorer will give the same fishbone a reduced score. This score has been called the seniority score, though in practice it depends on the confidence of the individual observer and not necessarily on their seniority. Each fishbone will also have a score depending on its location. These scores (for site) are represented by the x-axis receding to the right in the diagram. A bone in the tonsil (represented by an open square), covered by the angle of the jaw will acquire a lower score than one in the laryngeal inlet (closed circle) where there is good air/bone contrast.
From Figure 4 , two main clusters can be seen in relation to the fishbone visibility score (the x-axis coming forward): one with low scores (the least visible bones); and one with high scores (the most clearly visible bones). From this it can be concluded that some bones are of such low contrast that they will not be perceived by any observer irrespective of seniority or the site of impaction. Similarly, bones with high inherent contrast will be seen, irrespective of site of impaction and seniority of observer. 
".
laryngopharynx and that most often missed was the tonsil: bones obscured by the angle of the jaw were not easily seen.
The agreement between the consultant ENT surgeons and the senior registrars, and the consultants and the house officers, are illustrated graphically by Figures 2 and 3 , respectively. In each study there were no significant (NS) systematic errors in the method (1 5 = -0.28 and -0.06, respectively).
In order to define which bones from which species of fish are seen by a particular grade of surgeon, a three dimensional plot of the fishbone visibility was produced ( Figure 4) . Each bone has an overall visibility score which increases with its radiodensity. Bones thus ranked are shown on the x-axis coming forward and to the right in the i.e. the presence of air, soft tissue or bone and their comparative densities with the fishbone. The observer's experience in viewing human lateral neck radiographs will determine if a 'visible' fishbone is identified. Cod and haddock bones look white and dense, and are markedly radio-opaque, whereas the mackerel and herring bones are transparent to the naked eye and are radiolucent, rendering them difficult to see by radiography (and also endoscopy).
• Even though some bones are radio-opaque, their identification on a radiograph is difficult. The vertical plate of the cricoid cartilage is the first to calcify and is easily confused with a fishbone'<!'. Further, ossification occurs in the hyaline cartilage portion of the larynx, including the thyroid and cricoid cartilages and a major portion of the arytenoids'', drawing attention to the radiographic problem of mistaking an ossifiedlaryngeal cartilage for a bony foreign body. A particular problem is the isolated curvi-linear ossification located posteriorly in the cricoid cartilage. This problem was illustrated by a case in which a patient underwent two negative oesophagoscopies for a radiographically demonstrated calcific density that was felt by the consulting radiologist to be a foreign body". The density represented the normal linear ossification of the posterior border of the cricoid cartilage. It is now known that laryngeal ossification is common, not only in the older population, but also in older teenagers. Fourteen of 34 subjects between the ages of 15-20 years showed laryngeal calcificationII. Although the radiographic localization of fishbones is difficult, clearly radio-opaque bones are revealed by their shadow extending across the differing radiodensities of bone, cartilage and soft tissue: and on their visibility across bone, soft tissue and air interfaces. Bones which are foreshortened have a relative increase in density and are therefore more clearly seen. However, a bone lying alongSide a normal boundary, rather than across it is more difficult to see. Not all fishbones are long, thin and curvilinear, some are short and rhomboid (short monk fish bones) and some are club shaped (gurnard bones). Also, fishbones lying entirely behind a bony structure will be hidden more than a bone lying within a structure filled with air. This would explain why the site most often missed was the tonsil (behind the angle of the mandible), and the site most often located was in the laryngopharynx.
It has been shown that the use of clinical information improves the accuracy of the radiological diagnosis in the accident and emergency department12. In addition, the experience of the observer in examining the complexity of radiographic images is important in directing the search to the most likely sites of abnormality. This experience would assist in distinguishing between an artifact (e.g. a calcified laryngeal cartilage) and a true impacted fishbone. In our study, the unfamiliar anatomy of the pig's head specimen, and the absence of clinical information, would have a deleterious effect on the use of experience to detect an abnormality. Therefore, consultants would tend to miss fishbones they would normally detect in a human neck. This might account for the similarity in detection rate between consultants and juniors in the present study.
In the clinical situation it is, of course, helpful if the patient knows what sort of fish has been eaten. The commonest fish eaten in the British Isles are cod and haddock, especially from fish and chip shops, though many people do not know which sort of fish has been eaten. If a more expensive fish has been eaten (for example: monk fish, trout or dover sole), its species is usually readily volunteered by the patient.
Radiography is indicated for patients with a cod or haddock bone impacted but not seen clinically. If this radiograph is normal, an observation policy can be adopted. If a bone is seen it can be removed by endoscopy. As these are the most common fish eaten in the British Isles, the use of radiography is justified. The bones of mackerel and herring are not seen on a lateral neck radiograph and the decision to proceed to endoscopy should be made on the clinical information. Trout, grey mullet, monk fish, red snapper and salmon are sometimes seen on a lateral neck radiograph and the investigation is indicated in the light of the clinical evidence.
